Market behavior is the central topic of economics. Yet while economists have a good understanding of the behavior of well-functioning markets, we have little to say about market fragility, market resiliency, and market collapse. Research emerging at the frontier between computer science and economics offers new ways of addressing this important issue.
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the transmission of failure across interlinked markets. These issues appear to be particularly important in light of recent financial history the credit freezes in overnight lending and commercial paper in September and October 2008, and the May 2010 flash crash. They are just as important in commodities markets, and are especially important for economies in the developing world; a point made by Amartya Sen in his path-breaking work on famines.
The workhorse model of market behavior is the general equilibrium model of production and exchange. Consumers and producers are black-boxed, roughly modeled as responders to the incentives provided by market prices. Often (but not always) these black boxes are derived from reduced-form descriptions of behavior, specifically utility-and profit-maximization, and the exogenous market environment is specified by a list of tastes, technologies, initial resource allocations (and perhaps information and beliefs) from which consumer and producer behaviors are derived. The market outcome function maps environments into equilibrium (that is, market-clearing) prices and their associated market resource allocations. This model contains no description of transaction rules, social norms and other institutional arrangements under which trade takes place. The claim is that the performance of all well-functioning markets can be captured at this level of abstraction. This claim has been validated by decades of economic practice.
The key phrase in the preceding discussion is "well-functioning". When markets collapse, there may be no price at which to trade, or desirable trades at a quoted market price may not execute. Allocation in disordered markets can no longer be described by the scissors of supply and demand. Consequently, calibrating general equilibrium models to determine the effects of, for example, regulatory policy, on the frequency and magnitude of such events, is a pointless exercise. The transition from "well-functioning" to "disordered" is determined by the institutional and social arrangements of the markets and the volatility of their environment. Moving beyond simple empirical descriptions of market collapse requires theories of market performance that are based in the social, legal and technological description of market institutions.
Market design and market collapse have not been totally ignored by economists. There are three different research programs that address the social and institutional frameworks of markets. First one particular form of market organization, the auction, has been intensively studied. Second, the finance market micro-structure literature purports to model financial markets as non-cooperative games. The gap between real markets and their game theoretic models is huge. This literature has not pro-vided much guidance in developing design principles for new financial asset markets or in understanding the consequences of regulation for market performance. Finally, there is a literature on the behavior and design of matching markets that is small, but perhaps the most interesting of the three in its deployment of different research methodologies and in the conversation between theory and data. Nonetheless, the fact that no paradigm for understanding market robustness, fragility and collapse has emerged suggests that a new approach and a fresh set of ideas are needed.
All markets that operate at an interesting scale share several important features: Interconnected groups of economic agents that act and learn in response to incentives, a set of different possible global outcomes that range from highly efficient to catastrophic; and a level of complexity that makes it difficult to determine how these aggregate outcomes arise from the behavior of the participants. While the conventional economics toolkit has made little progress on these issues, a number of crucial tools for reasoning about these issues have been developed over the past several years by researchers at the interface of computer science and economics. There are natural reasons for this: over the past decades, both disciplines have been trying to design and analyze complex interconnected systems, with adaptive agents, in the presence of incentives. Furthermore, both disciplines are concerned with the consequences of agents interacting through networks. As a result, the two fields have increasingly interacted, with a strong research interface forming between the two. This inter-disciplinary area of CS/Econ has had a number of significant successes, providing important insights both into new styles of economic interaction facilitated by computing technology, and into fundamental research on economic systems more broadly through computational ideas and models. Beyond this, work in CS/Econ has contributed to the development of new kinds of markets, such as the market for search advertising.
Research at the CS/Econ interface is concentrated on three themes: Networks, mechanisms, and individual decision-making. Computer science has for many years been concerned with the performance of systems in which agency is distributed across some network. While interest was originally focused on networks of machines, CS in recent years has become interested in networks with human actors. Issues relevant to market breakdown include the effects of network topology on information and liquidity flows in markets and the contagion of market collapse. Little is known about the co-evolution of individual behavior and network structure as agents seek out advantageous network connections. Issues relevant to market creation include the possibilities new technology affords for the creation of new markets and the reorganization of older markets. Obvious examples include online auctions (eBay), job search, and other business-related social network sites (monster.com, LinkedIn). Equally fascinating is research conducted by a community of scholars including economists and computer scientists on the economic effects of cell phones in rural Africa and India.
Markets are important exemplars of resource allocation mechanisms, and market design is a special case of the general problem of mechanism design, which considers the problem of institutional design, that is, designing incentives to guide the behavior of self-interested agents toward a collective goal. Mechanism design had been a popular research topic among economic theorists; more recently it has become important to computer scientists, and CS researchers have raised a new set of questions that are now capturing the interest of economists. These questions include the computational feasibility of mechanisms, the robustness of mechanisms to bad behavior by individuals and to environmental shocks, the identification of secondbest mechanisms when mechanisms that actually achieve the social goals do not exist, and the analysis of mechanisms under a wide variety of behavioral postulates that go beyond the classic decision-theoretic models that economists favor.
Even before the satisfactory axiomatization of the now-dominant expected utility theory emerged in the early 1950s, dissenting economists were decrying its limitations. Nonetheless it was only in the 1980s that the discussion moved from a few well-conceived examples to a systematic critique. Despite this critique, however, few decision-theory models have emerged that are sufficiently expressive to model alternatives to the behavioral hypotheses that comprise EU and sufficiently tractable to deploy in problems such as dynamic choice and portfolio choice where the structure of the decision problem is complicated. Computer scientists bring new problems and solutions to the table. Issues include the design of computationally feasible heuristics for complicated choice problems, machine learning models for the analysis of highdimensional data sets, principles of learning other than the Bayesian formulation which dominates economic analysis, and which considers models of knowledge and belief alternative to the probabilistic model underlying dynamic expected utility.
The interaction between computer science and economics has not been ignored by the NSF. In particular the awkwardly named CISE-CCF ICES program, Interface between Computer Science and Economics and Social Science is now collecting its first round of proposals. The difficulties of enabling the emergence of a new research community extend beyond sources of available research funding. A pervasive challenge in this area is the lack of people who have expertise in all the different facets of reasoning about complex economic systems, including their interconnected-ness, feedbacks and the sources of their inherent complexity. The shared interests of computer science and economics can only be fully explored by a new generation of graduates who are well-trained in both disciplines. An NSF-sponsored conference on the emerging collaboration between economics and computer science, surveying current work and exploring future possibilities, was held at Cornell University in 2009. (Incidentally, this conference also celebrated the birth of the Cornell Center for the Interface of Networks, Computation, and Economics.) The final report expands on some of the themes discussed here.
The research program described here is part of a broader theme that has captured attention in different parts of the economics community, that institutions (sometimes) matter. A proper study of the transition between a given markets wellfunctioning and disordered regimes depends on the details of market organization, and this includes informal social arrangements governing market organization as well as formal transaction rules. The study of these arrangements is an active research area in sociology. Sociologists and economists have been exploring their shared interests for decades now. Sociologists have also been collaborating with computer scientists in the study of on-line communities. There is every reason to believe that these three disciplines together will have interesting things to say about the behavior of disordered markets.
